Burrows: The influence of cestrogeins owl celluilar aind organic growth.-When discussing stimulators and regulators of tissue growth. hormones derived from the testis and ovary are worth attention. Their composition is known, they are available in pure form for experiment, and examination of their activities has thrown light on some of the very many factors which govern cellular multiplication in vertebrates. Although the influence of these hormones is exerted mainly on the reproductive system, using this term in its widest sense, the nature and boundaries of their influence are not clearly marked.
Sectiont of Surgery 587 [March 4, 1942] DISCUSSION ON GROWTH AND NEW GROWTH Mr. Harold Burrows: The influence of cestrogeins owl celluilar aind organic growth.-When discussing stimulators and regulators of tissue growth. hormones derived from the testis and ovary are worth attention. Their composition is known, they are available in pure form for experiment, and examination of their activities has thrown light on some of the very many factors which govern cellular multiplication in vertebrates. Although the influence of these hormones is exerted mainly on the reproductive system, using this term in its widest sense, the nature and boundaries of their influence are not clearly marked.
The effects of cestrogen on the growth of tissues may be classified into three groups, r amely: (1) Controlled growth; (2) uncontrolled growth or cancer; (3) imperfectly controlled growth. In the last group are included fibromyomata of the uteruLs, ovarian cysts, chromophobe swellings of the pituitary and some other innocent tumours.
For brevity the subject of imperfectly controlled growth will not receive detailed attention in the following remarks.
(1) CONTROLLED GROWTH1.
(i) Prevention anzd arrest of growth. Though a prominent function of cestrogen is to stimulate cellular multiplication, in certain tissues it can also exert the opposite effect. For example, ocstrogen arrests the growth of epiphyseal cartilage, causing bony union between the epiphysis and shaft, which largely explains why wvomen are smaller than men. The mammary ducts for their (levelopment, and perhaps for their existence, depend on oestrogen, yet under excessive doses the ducts will remain stunted. Another way in which cestrogen may hinder the growth of particular tissuLes is by checking the production of androgen and progesterone or by directly counteracting their growth-stimulating effects.
(ii) Stimnulation of growth. (a) Cellutlar differentiation anzd function: A feature of normal tissue development in response to cestrogen is its adaptation to a purpose, in attaining which cellular multiplication, differentiation and function followT each other in orderly succession and appropriate degree.
(b) Specificity of actiont: (Estrogens apparently are not general stimulators of cell proliferation. Their action is mainly specific and is confined almost entirely to structures concerned, directly or indirectly, with sexual reproduiction. This specificity is independent of the sex of the individual; homologous structures in the two sexes respond alike. It may be remembered that the formation of cestrogen is not confined to the female; males also elaborate and utilize the hormone.
(c) Respontsive and irrespontsive tissues: From what has just been said about specific action, it follows that different cells and tissues vary in their capacity to respond to cestrogen. The degree and quality of this responsiveness is innate in each individual cell or group of cells, is unaffected by neighbouring cells, and is retained after transplantation into another part of the body or into another individual, whether of the same or of the cpposite sex.
(d) Gradients (g) Inactivation and excretionz: TIhe liver seems to be the chief inactivator of cestrogen the waste products of which are excreted in the urine and perhaps also in the bile; and hepatic disorder has been shown bv experiment to accentuate the effects of artificially administered oestrogen.
(h) Pituitary gonadal relationzship: The production of cestrogen in the body is normally controlled by the pituitary. (Estrogen inhibits the output of gonadotrophin by the pituitary and so automatically checks its own production. Other gonadal hormones, including testosterone, restrain the production of oestrogen bv stopping the supply of gonadotrophin from the pituitarv.
Proceedivgs of the Royal Society of Medicine 38 (i) Mutual antagonlismtis between different gonadal hormontes: Either by a direct counteraction, or by indirect influence through the pituitary, the growth stimulating effect of cestrogen on certain tissues may be prevented by other gonadal hormones, notably by androgens.
(j) Co-operation between gonadal hormones: On the other hand the co-operation of hormones may be required for the full development of a particular tissue. The co-operation takes place in one of two ways: either the hormones act simultaneously, or an organ must first be subjected to one of the hormones before the other can be effective.
(k) The effect of a given dose of cestrogent in an individual will be governed by many circumstances other than those already mentiohed, including species, age, season, general health, diet and so forth.
It will be unnecessary to discuss every one of these just now. Perhaps it may be worth while to give an example of variation of response in different species. Fibromyomata of the uterus are readily induced in guinea-pigs by cestrogens but not as a rule in rats and mice.
(2) UNCONTROLLED GROWTH (i) Non-specific neoplasia.-Apparently cestrogens have some power to induce cancer in tissues which are beyond the range of their normal specific activities, for sarcomas occasionally arise in rats and mice at the sites of cestrogen injection.
(ii) Specific tneoplasia.-Apart from these relatively unimportant instances the cancers induced by cestrogen are confined to those organs which are under the normal physiological influence of aestrogen. In this list may be included cancer of the breast, uterus, testis and bones. Among them, malignant tumours of the breast have been intensively studied in mice. The knowlcdge gained by this study may perhaps be applied to the investigation of other forms of cancer. An important fact concerning malignant disease of the breast is that, although a response to cestrogenic stimulation, it will not occur unless certain additional factors are present. Chief among these are two which are inherited, genic and non-genic.
(a) The genic factor is inherited as a Mendelian dominant, and may be defined loosely as a susceptibility to mammary cancer in the presence of the other two main factors.
(b) The niont-genzic factor is not carried by the chromosomes but is transmitted to the infant in the mother's milk. The factor can also be conveyed to the young by implantation of pieces of the mother's tissues. It seems probable that the transmissible agent is a virus; the liability to mammary cancer which it carries is handed on to subsequent generations and therefore, it appears, the agent must multiply in the body.
(c) Subsidiary factors.-Certain additional factors plav a part in mammary carcinogenesis. These include diet and general health. By underfeeding mice on a diet that is adequate in qtiality, or by keeping mice on diets which are ample in quantity but deficient in certain qualities the incidence of mammary cancer can be reduced. Perhaps some of the facts which have been mentioned and others concerned with the influence of cestrogen on tissue growth may be of interest in connexion with the stimulation of growth by carcinogens. If analogv may justify an opinion, it seems that the different forms of cancer which occur in the body might well be regarded as so many distinct disorders, each having its own special xtiology.
Another conclusion which seems justified is that tissue growth, whether controlled or uncontrolled, is regulated in xertebrates by a multiplicitv of factors.
Dr. W. E. Gye: The capacity to grow and divide is a property of normal cells which lasts throughout life; an appropriate stimulus must be provided. Growth of normal cells and malignant new growth are different in a fundamental way; in malignant cells the stimulus to growth is within the cell itself and growth is not subject to the forces which control normal growth. These statements, drawn from the work of pathological study of human cancer and in particular of metastases, have been confirmed and amplified by forty years of experimental studies. Hence the popular attempts to cure cancer with extracts of glands' and other tissues which are supposed to provide growth-controlling substances are based on misconceptions of the nature of cancer. There are, broadly speaking, two working hypotheses concerning the intrac'ellular cause of the autonomous growth of cancer: (1) That the cancer cell is a mutant of the normal cell; (2) that the stimulus to growth in cancer is an intracellular virus. There is no factual evidence for the first hypothesis; the second hypothesis is supported by the fact that some new growths, epithelial and connective tissue tumours, are known to be caused by a virus. There are in both these conditions: (1) alterationis in general skeletal growth and in special tissue growth involving i.± rily the secondary sex characters and cutaneous surfaces; and (2) disturbances in sex function, which somehow caDnnot be divorced from these growth factors.
Foetal growth. Now it is obviously an anomaly that such abnormal growth as we have discussed should break out for no apparent reason in persons who were of normal stature previously. Consequently we reverted to the studv of the fowtuts, and Vines was able to show that the same fuchsin stain is present in the cortical cells of the feetal adrenal in both sexes. It represents a transient " male Phase" roughly between the 8th and 20th fretal weeks, stronger, more marked, and of slightly longer duration in the male than in the female. It seems reasonable therefore to correlate this event with the future outcrop of adult virilism. This " male phase " seems to mark the active functional integration of the foetal endocrine system. Experimental embryology.-I must now take vou into another channel-that fascinating work on experimental embryology carried out by Needham at Cambridge and by Ross Harrison and others at Yale. Briefly, if the left limb bud of a frog's embryo is amputated, and the right limb bud of another c mbryo is grafted on to it, the host embryo will force that alien right leg to develop int a perfectly normal left fore-limb. This will only happen up to a certain time, after which the host embryo loses this power, and the transplanted limb bud will grow according to its origin. Already at this early stage there is a diminution in the growth stimulus, but it shows that this growthcompelling power is inherent in the embrvo, and that one group of cells possesses the power to regulate and determine the development of other groups of cells.
These workers conclude that the organizing ability is biochemical in nature-a hormone in essence, or a morphogenetic hotimone" allied to the steroids and vitamin D.
Early in 1936, I performed an adrenalectomv upon a woman (L. S.) who had had amenorrhcea for two years. She subseqtuently married, and we were fortunate in catching her by means of a positive Aschheim-Zondek test in the 8th week of pregnancy, when she contained excess of steroid. She was one of the exceptions to our series in that on the old biological test wve could find no free male hormone either before or after her adrenalectomy. It is obvious then that if the growth-organizing capacitv of the embryo is due to a morphogenetic hormone of the steroid group, the pregnant mother at the time of the foetal "male phase" contains excess of steroid.
With regard to anzti growth, Thompson and his co-workers in this country, working originally on parathyroid substances, have induced retardative growth effects on cancerous and somatic growth. More recently they have found growth-inhibiting substances in the urine which contain one or more steroids.
Further evidence of what we may call " steroid growth " comes from the experiments of Dean Lewis and Geschickter of Johns Hopkins. Briefly, from bio-assays made of adenoma of the breast they have recovered large amounts of cestrin, and by injecting the latter directly into the undeveloped virgin breast, they have succeeded in producing mammary hypertrophy. However in their bio-assays of carcinoma they have not succeeded in isolating hormone with such pronounced properties.
Fwetal integration. Intersexual growth.-If we accept the suggestion that the feetal endocrine system bursts into functional activity about this time, perhaps we must modify our views upon chromosomal determination. It has long been known and has been stated by Crewe that the sex chromosome mechanism can be upset and the sex determined in other ways. It therefore seems probable that chromosome determination per se is shortlived aid that its main functions, especially those of growth, are shunted on to the endocrine functions of several glands, for we get so many glimpses of polyglandular upset in the pictures of our patients.
The nearest approach we can get to this difficult problem is the time table of endocrine integration proposed by Vines. It is suggested that should a female directed embryo undergo an'abnormally strong and long male phase, tissue growth can be so altered as to result in the many degrees of intersexuality which we have encountered clinically.
Pituitary growth.-So far we have considered growth in those cases where we have been able to apply a hormogenetic label; there is also growth of a similar kind in which no hormone is obtainable and for the want of better knowledge we must refer it to some pituitary thalamic mechanism. However, there is a definite hope that the two forms of control must meet on common ground, and the study of Cushing's syndrome vaguely suggests there may be some reversible dual form of control.
A short while ago we published an article on the differential diagnosis of basophilism (Brit. M. J., 1940 (i), 425). The symptoms are the samie, whether they be due to basophil adenoma of the pituitary, or hyperplasia or carcinonia of the adrenal cortex. So far no hormone has been recovered from those due to basophil adenoma, whereas steroid in the adrenal group is present in inordinate amount-one case of ours secreting the colossal total of 270 mg. per diem. Adrenalectomy cures the latter, whereas treatment of the pituitary lesion is still far from satisfactory. It is a curious anomalv that compared with virilism general growth in Cushing's syndrome is not so much affected whereas sex function is, and growth is directed more into the channels of a permanently pathological adiposity, which comes on quickly.
Carcinoma.-The subject of carcinoma arising from hormonal causes should be a stimulating incentive to future workers in this field. There is no doubt about the marked influence they exert on simple growth. Practically we must consider the subject still sub judice.
It is a curious biological paradox that the cells of carcinoma, in their planless riotous growth, should not only recapture the energy for growth displayed in embryonic life, but at the same time free themselves from the " organized growth direction " of their host. By killing their host and themselves they behave like parasites, but at the same time they retain their physiological function. This function disappears with the removal of the primary growth but reappears with the formation of secondary deposits, and the majority of these tumours possess strong endocrine properties. It seems justifiable to assert therefore that the study of malignant tumours is more likely to be enhanced on physiological lines than on the old anatomical ones.
Mr. P. B. Medawar: Biological aspects of the tumour problem.-The foundation of experimental cancer research is the belief that its various lines, like the lines of perspective, converge somewhere to a point. A tradition as old as cancer research itself has it that this point lies within the domain of biology, and that the tumour problem is in some vague but important way a biological one.
The simplest, oldest, and most persistent of biological theories about tumours may be expressed as follows: tumours are essentially collections of cells which have escaped from the growth-controlling influenices of the body. This is perhaps no more than a formulation of the tumour problem in biological terms; a formulation which is not selfevident, and which, in all probability, is not correct.
(1) The relative rate of growth. (2) Senescence and thze damping-down of growth rates.-Part of the biological problem of cancer may be approached through that of senescence (cf. Cramer, 1932) . Some tumours may be propagated indefinitely by cellular homoplastic grafts, an immortality which (in a rather modified form) they share with normal somatic cells and with societies of non-cellular organisms (see Jennings, 1939) . We can express the problem of senescence, in so far as growth phenomena provide a picture of it, in the following more or less formal way. In a constant environment-an environment which has to be kept constant -growth proceeds by compound interest; either something near continuous compound interest, as in the case of colonies of yeast grown in a suitable perfusion apparatus (Richards, 1928) ; or discontinuous interest, as in the case of tissue cultures, which undergo a microcosmic cycle of growth and senescence in their culture cells until their medium is renewed and the cycle starts afresh. But in actual development, the rate of self-multiplication of tissue does not remain constant; it falls off throughout life. In technical language, the specific acceleration of growth is always negative (Medawar, 1941) . The rate at which the rate of self-multiplication falls off was regarded by Charles Minot (1908) as a measure of the rate of ageing; and it is in this sense alone that I believe the problem cf senescence to be related to that of cancer. If we can find out why the multiplication rate of tissue falls off in this way, we shall know in what terms to express the empirical fact that in normal development, growth does not proceed beyond a certain point. There are several ways in which we can measure this process of falling-off. For example: if we remove pieces of the heart of a chicken embryo at various stages in its development, we find that their power of resistance to growth inhibition falls off exponentially, in the way that heat is lost from a cooling bodv (Medawar, 1940 Doljanski, 1937 ) that tissues explanted from donors ranging from six days to a year in age do not differ appreciably in their capacity for growth; they merely take an increas-ingly long time to set about it (Cohn and Murray, 1925; Suzuki, 1925; Goldschmidt, Hoffman, and Dolianski. 1937).
There is therefore nothing irreversible in the consequences of differentiation (in mesenchyme cells) in so far as they affect the capacity for growth. Is the falling off of multiplication-rate in vivo due to some " intrinsic " change in cells, or is it due to some externally imposed and actively maintained growth-inhibiting influence? Both factors may play. a part. But there is certainly-no simply-extractable contact hormone in adult tissue which directly restrains the growth of cells. Though it has been said (Walton, 1914; Heaton, 1926; Brues, Jackson, and Aub, 1936) Stillman, 1937) . The experiments indicating this effect were devised in such a way as to exclude the possibility that tryptic digestion merely liberates growth-stimulating peptones and polypeptides (Baker and Carrel, 1928, a, b) ; and thev likewise exclude the possibility that it liberates permeability-increasing factors which stimulate leucocyte activity (Menkin, 1936; Duthie and Chain, 1939 ). It is likely, then, that there is a non-diffusible protein in the intercellular fluids of adults that discourages the inception of free growth. Tumour cells, it should be noted, seem to lack the growthinertia of adult tissues, though they do not necessarily grow very rapidly (Doljanski and Hoffman, 1940) .
Experimental results such as these have been used as evidence for the doctrine (see, for examnple, Murphy, 1936) that there is a dynamic balance of opposed growth-controlling influences in the body, and that in the induction of tumours, this balance is upset. I cannot understand this view. The evidence I have quoted above indicates that if sE' ch a balance exists, it is struck between more growth and less growth-not between malignant growth and normal. This is also, in the main, the conclusion we draw from studies on endocrine and other systemic factors influencing growth. One alternative to the view that t-he growth of developing cells is immiediately controlled from without is that they themselves undergo a gradual change in the type of metabolism associated with growth. I have discussed some aspects of this problem elsewhere (1940) ; it belongs essentially to the biochemical field.
(3) "Regulation" phenomena; over-cornpensation.-None of the evidence we have so far considered seems to be directly relevant to the tumour problem, although some of it purports to be. The stepping-stone between normal and malignant growth has been laid down in imagination but not in fact. We may therefore turn to a third phenomenon of natural growth that has found a place in cancer aetiology as the stepping-stone we are looking for. It is true, as a general rule, that the organism is capable of making up for the consequences of normal or artificial growth inhibition by a sudden burst of recovery growth when the inhibitory stimulus is released. To distinguish this phenomenon from normal regeneration (to which it is obviously closely allied) and from compensatory hypertrophv in the usual sense, I shall call it post-inhibition growth rebound. Four examples will show how widespread a phenomenon it is. Spear (1928) has shown that if mitosis in tissue cultures is brought to a standstill by temporary cooling, the loss of growth time is made good by a vigorous rebound on restoring the tissue to the incuibator. Amblystoma larva, though not perhaps the larvae of all amphibia, behave in the. same way when cooled for varying periods from 22' to 6' C. (Buchanan, 1938 (Osborne and Mendel, 1916; Clarke and Smith, 1938; Jackson, 1939 Needham, 1936) ; striking instances of de-differentiation in tunicates accompanied by a conversion of one cell-type into another; endocrine sex-reversal; heteromorphosis in crustacea and insects-all these show that no genetic factor is directly involved in the assignment and maintenance of histological type in cellular heredity. That the genecomplex reacts in different ways to different environments is a different matter. The mutation theory will be widely accepted when evidence has been found for it, and when certain difficulties of a purely genetical nature, concerning the extraordinarily high mutation-rate it implies,' have been satisfactorily resolved.)
To sum up: the growth of somatic cells resembles, or can by artificial means be made to resemble the growth of tumours in certain definite ways, and these ways do not provide us with the information we need for making a critical distinction between normal and malignant growth. In particular, tumours are not merely cells which have escaped from the growth-controlling influences of the body; or which have an excessively high rate of relative growth; or which have acquired a sudden malignant access of energy as a result of prolonged inhibition of their growth. Tumours are not merely anything. At the same time it should be said that experiments of the tvpe quoted in the second section of this paper have by no means exhausted their significance for tumour theory, even if the significance is only indirect, and even if they relate to the properties of tumours already formed rather than to the problem of tumour formation. To link up some hitherto uncorrelated lines of research, we might investigate the fact that tumours, with a low growthinertia, take comparatively well as homoplastic grafts, while adult tissues, with a high growth inertia, do not.2 It is known on the one hand that careful proteolytic digestion of tissue abolishes the growth inertia in question; and on the other hand there are indications that tissue-storage reduces the intensity of the homograft reaction (Sanders and Young, 1942) . Does the storage of tissue abolish the lag-period of adult tissue growth, and can proteolytic digestion be used to mitigate the homograft reaction? If they do so, we shall be able to establish a set of correlations with more than a remote bearing on the tumour problem, and of some interest for general surgery. But as hypotheses like these can be checked by simple direct experiments, it is not worth while pursuing them further in theory.
Dr. F. Gordon Spear: This paper summarizes part of an investigation bv Dr. A. Gliucksmann and mvself which is being made to determine the changes in cellular activitv after graduated doses of irradiation, in the course of which a number of normal and malignant tissues have been examined histologically before and after exposure. Since changes in cellular activitv, whether spontaneous or imposed, must precede alterations in the tissue as a whole these changes should have a prognostic value.
(1) Observationls onl unizirradiated normial tissute.-As an example of a relatively simple tissue we mav take a hanging drop culture of fibroblasts which presents a form of growth consisting onlv of proliferating or of potentially proliferating (" resting ") cells. In such a culture successive cell divisions lead to the symmetric outgrowth of undifferentiated cells in all directions ( fig. la) .
In the organs and tissues of growing embryos, proliferation is associated sooner or later with differentiation but the two processes are separated either in time or in space. For example, in the mammalian eve (human and rat) a period of proliferative activity is followed by a differentiation period during which cell division is suspended ( fig. lb) .
In the frog tadpole eye, on the other hand, the central parts are fully differelntiated and functioning, while proliferation still continues in the peripheral region, i.e. the two processes are separated spatially. In this case, about half the number of daughter cells which result from cell divisions remain in the germinative zone for subsequent division, while the rest migrate away and differentiate ( fig. lc) .
Other examples of the spatial separation of proliferation and differentiation are found iri the intestinal crypts, the hair follicles, and the stratified epithelia of many adult animals.
In all these cases the processes of proliferation and differentiation are mutually antagonistic; the differentiating cell does not divide.
(2) Observationis owl unirradiated malignant tissue.-The carcinogenic changes brought about by painting mouse skin with benzpyrene include not only a stimulation of proliferative activity but also interference with the differentiation processes of repair. Loss of hair and the destruction of skin appendages caused by the initial paintings are followed bv the appearance of abnormal hairs and the formation of sebaceous glands at abnormal sites. With continued painting the stimulation to proliferation is maintained, together with the disorganization of the processes of differentiation, leading to an abnormal regenerative activity in which the clear-cut antagonism between the processes of proliferation and differentiation is lost. The basic tumour cell, unlike the normal proliferative cell in the germinative zone, exhibits some degree of differentiation while retaining its proliferative capacity. The degree of differentiation is slight and it is still possible to speak of the potential dividing malignant cell as a resting, or (relativelv) undifferentiated, cell by comparison with the more fully differentiated tumour cell which is no longer a potential mitotic cell. These terms are relative to whatever tissue thev are applied, e.g. the " resting " cell of normal growth is itself more differentiated than a very primitive embryonic cell.
However the malignanit cell may have originated, considered from the point of view of cellular reaction to abnormal stimuli, malignant growth does not appear as a mass of irregular and lawless cells entirelv dissimilar in behaviour to the normal cells from which the tumour arose. In the majority of tumours it is quite easy to recognize areas of proliferative activity in the advancing edge of the tumour, and if these areas are examined by quantitative histological methods almost anv tumour shows a surprising constancy in cell behaviour in each of these regions. The proportion of dividing (M), resting (R), differentiating (Df) and degenerate (Dg) cells determined for any one growing area of a tumour is typical for the other growing areas of the same tumour (see table) .
JULY-SURG. 2 (fig. 2b ). The ratio of proliferating to differentiating cells varies from one type of tumour to another, and the tendency is for differentiation to be less advanced in the tumours which show the greater proliferative activity (fig. 2c) .
The differentiation which occurs in a malignant cell is not of a normal tvpe, and the cell, being unable to function, eventually degenerates, though a considerable time may elapse before it disintegrates. Many undifferentiated cells, on the other hand, survive only a relatively short time and break down in the process of mitosis. The rodent ulcer which appears to consist solelv of potentially dividing cells is actually of low malignancy owing to the nurmber of cells which degenerate through lack of nutrition or some other cause when division is attempted. A more malignant tumour is one whose cells exhibit a low degree of differentiation and survive without losing their capacity to proliferate. The parakeratotic basal-cell carcinoma is an example of this type of growth.
(3) Observations on irradiated material.--The significance of cellular activity in the youngest areas of both normal and malignant growth in determining the ultinmate character of the tissue is emphasized after exposure to sublethal doses of radiation, which inhibit one form of activity without preventing some alternative behaviour. At thq lower dose levels (100 r-1,000 r) irradiation of a tissue culture with gamma or X-rays has the effect of delaying the onset of cell division with subsequent breakdown when mitosis is attempted. Thus a diminution in mitosis is followed by the appearance of degenerate cells in place of dividing cells, and the amount of degeneration is proportional to the number of premitotic cells present at the time of irradiation.
A similar result follows the irradiation of the rat eye in the proliferative period, with little or no effect (at this dose level) on the cells which have differentiated.
In the case of the tadpole eye, where proliferation and differentiation are occurring simultaneously, a cell prevented from entering division may be induced to differentiate instead. In these circumstances the diminution in mitosis is followed by a small amount of degeneration and an increased amount of differentiation which is the alternative to a cell attempting division and breaking down.
Malignant cells also vary in their response to radiation according to their activity at the time of exposure. After irradiation proliferating cells of a rodent ulcer break down in greater numbers, giving a wave of degeneration which replaces the mitotic activity characteristic of the growth.
In the case of the squamous-cell carcinoma, where the processes of proliferation and differentiation occur simultaneously, the diminution in mitosis is accompanied bv increase in differentiation. Significantly enough, the parakeratotic basal-cell growth is the more difficult to deal with radiologically by present methods than either of the other two types of malignant growth. The inhibition of mitosis does not seem to induce the degree of differentiation necessary to exclude the possibility of subsequent mitotic activity. (1) not merely freed from the " normal " restraining influences, but also (2) independent of the continued presence of the carcinogen, and (3) resistant to the effects produced by the specific carcinogen on normal cells. These last effects, which it is presumed are the changes which instigate the malignant transtormation, are essentially inhibitory in nature. Dr. N\ledawar, in quoting examples of the well-known phenomenon which may be called " post-inhibition rebound ", has shown that this process can have little significance in the problem of the induction of cancer. The proposition would seem self-evident, since the great majority of agents which temporarily interfere with growth in such a wvav as to permit an earlv recovery or rebound with or without compensation are not carcinogenic. It has been reliably shown, on the other hand, that the carcinogenic hydrocarbons produLce an interference with growth which is relatively persistent, so that the usual process of complete recovery is less easy and becomes progressively more difficult. It is in these circumstances, I would suggest, that the adaptation effected by the cell takes the form of a discontinuous and irreversible variation involving chiefly and usually a lowering of differentiation, and conferring automatically a proportionate and permanent enhancement of the rate of growth. These considerations depend for support on the substantial correlation which has been shown to exist between (1) the capacity to produice this type of growth-inhibitory effect, characteristic if not specific, and (2) the piower to induce tumour-formation, in the carcinogenic hydrocarbons and groups of allied compounds, of which several hundreds have now been examined.
To many interesting chemical and biological relationships between carcinogenic and oestrogenic compounds may be added the growth-inhibitory and carcinogenic properties which have been ascribed to cestrogens, and certain of which have been alluded to bv MNr. Burrows. In this connexion it mav be significant that certain synthetic cestrogens (e.g. derivatives of triphenylethylene) may exhibit a strtuctural or skeletal resemblance to cyclic compounds derived from 1: 2-benzanthracene. The same type of approximate similarity of molecular arrangement (in this case to the synthetic cestrogen diethylstilbcestrol and the carcinogenic hydrocarbons 3: 4-benzpyrene and I: 2-dimethylchrysene) is shown by a-ethyl-f3-sec-butylstilbene, a compound recently described by Dodds, Lawson and Williams as possessing slight carcinogenic activity in mice. Of related interest is otur own finding that the polycvclic hydrocarbon 9-methvl-I :2-benzfluorene (synthesized by Dr. G. M. Badger) shows pronounced rstrogenic activity: the carcinogenic activity of this compound, if any, is not yet known.
As to the means by which carcinogenic substances produce interference with growth, various suggestions have been made from time to time byv different workers. I would like to draw attention to certain current researches reported by Rhoads and his group, from the Memorial Hospital (e.g. J. Nutrition, 1941, 2I, SUpp. 1, 14; Bull. N.Y. Acad. Med., 1942, i8, 53-64; Canicer Research, 1942, 2, 1-10) , which are of great interest in themselves, and may later prove to have an important bearing on this problem. In experiments involving a study of the metabolism of p-dimethylaminoazobenzene (" butter yellow "), an azo dycstuff which Kinosita had previously observed to cause liver cancer in rats, Rhoads and his co-workers found that the administration of this carcinogenic substance injured normal liver tells by interfering in some wav with at least one enzyme system essential for their normal chemical and biological function, and that this interference was probably of aetiological importance in the malignant transformation. It was further suggested that, while the oxidation processes 6f the normal liver cell are extremely susceptible to such interference, the development of the mutation which characterizes the malignant liver tissue is marked by the presence of an oxidizing enzyme system no longer susceptible to the inhibitorv effect. It is obvious that there is a striking parallelism between these biochemical findings and the views I have already suggested on the physiological side, namely, that the formation of a chemically induced malignant tumour is brought about by a rather characteristic interference with the growth-capacity of the corresponding normal cell, and that the resulting malignant cell is so altered as to be resistant, for a time at least, to the inhibitory activity of the compound which provoked its emergence.
